To develop an online radiology case review system that allows interactive navigation of volumetric image datasets using advanced visualization techniques. Materials and Methods: Our Institutional Review Board approved the use of the patient data and waived the need for informed consent. We determined the following system requirements: volumetric navigation, accessibility, scalability, undemanding case management, trainee encouragement, and simulation of a busy practice. The system comprised a case registry server, client case review program, and commercially available cloud-based image viewing system. Results: In the pilot test, we used 30 cases of low-dose abdomen computed tomography for the diagnosis of acute appendicitis. In each case, a trainee was required to navigate through the images and submit answers to the case questions. The trainee was then given the correct answers and key images, as well as the image dataset with annotations on the appendix. After evaluation of all cases, the system displayed the diagnostic accuracy and average review time, and the trainee was asked to reassess the failed cases. The pilot system was deployed successfully in a handson workshop course. Conclusion: We developed an online radiology case review system that allows interactive navigation of volumetric image datasets using advanced visualization techniques.
INTRODUCTION
Similar to other disciplines of medicine, radiology training relies mainly on apprenticeship in the workplace, which may be supplemented with various educational media such as offline or online textbooks, journal articles, lectures, and case collections.
However, the conventional media have not evolved in parallel to several important changes that modern radiology practice has experienced recently. First, in illustrative cases, conventional media usually relies on a limited number of key images. They rarely Development of an Online Radiology Case Review System Featuring Interactive Navigation of Volumetric Image Datasets Using Advanced Visualization Techniques 고급 영상기법을 이용한, 체적 영상 자료의 네비게이션이 가능한 온라인 영상 교육 시스템의 개발 jksronline.org J Korean Soc Radiol 2015;73(5):312-322 allow trainees to interactively navigate volumetric computed tomography (CT) or magnetic resonance image datasets (1) (2) (3) , limiting training in lesion detection at unpredictable locations (e.g., the detection of pulmonary nodules) or in understanding complex 3-dimensional configurations (e.g., the local staging of abdominal cancer invading adjacent organs). Recent studies reported that volumetric educational media could overcome these limitations of conventional media (1, 4) . Second, conventional media rarely utilize new visualization or quantitative imaging techniques. The incorporation of these novel techniques into daily practice necessitates education of the radiology community on the use of appropriate media (5) . Third, conventional media pay little attention to the busy practices where radiologists are required to improve clinical productivity (6) .
Future educational media should ideally overcome these limitations (7) . Internet and web-based educational media are used increasingly in radiology education (8) (9) (10) (11) (12) (13) . A teaching file software on mobile devices is also available (14) . Several investigators recently attempted to integrate interactive 3-dimensional visualization of volumetric image datasets into radiology education (15, 16) . One recent study (1) reported increase in recognition of pulmonary embolism among novice residents after using a teaching file of CT angiography. Another report (15) indicated that the integration of interactive 3-dimensional image post-processing software into undergraduate radiology education effectively improved radiological reasoning, diagnostic skills and visual-spatial ability, and thereby even diagnostic skills for imaging modalities.
However, we were unable to find any practicable platform for online case review that allows the navigation of volumetric image datasets using advanced visualization techniques, such as multiplanar reformation, volume rendering, and fly-through. Therefore, we developed an online case review system that allows interactive navigation of volumetric image datasets using advanced visualization techniques.
MATERIALS AND METHODS
The Institutional Review Board of Seoul National University Bundang Hospital approved the use of the patient data and waived the need for informed consent.
Development Team
Between September 2012 and April 2013, the case review system was developed by a team that comprised 2 teaching radiolo- in system implementation. The radiologists and radiology resident also served as case authors by preparing the case data for a pilot test of the system. All members of the development team participated in developing the system requirements and implementation ( Table 1) .
System Requirements
The system requirements were determined as follows. First, the system should allow the trainees to navigate through volumetric image datasets using advanced visualization techniques such as multiplanar reformation, volume rendering, and fly-through. Second, the system should be accessible from trainees' desktop computers, although volumetric navigation typically requires a high-end computing system. Third, the system should be scalable to accommodate an increasing amount of case data and increasing number of trainees. Fourth, management and updating the case data should not be demanding, even after the distribution of the software program for case reviews to many trainees. This was 
System Implementation
The system comprised an image viewing system, case registry server, and client case review program ( Fig. 1 ). We selected a commercially available cloud-based image viewing system because it met the important system requirements of volumetric navigation, accessibility, and scalability. We developed the case registry server to facilitate the maintenance of the case data. We used an interactive case challenge format for the client case review program to encourage participation by trainees (17); and a timer display was used in the client case review program to simulate a busy practice environment.
Cloud-Based Image Viewing System
The The trainees could utilize all the advanced visualization techniques that were available in the image viewing system (18) , including multiplanar reformation, volume rendering, and flythrough.
Owing to the use of a cloud-based image viewing system, we could avoid the hardware burden and an arduous installation process on many computers of trainees, and the cumbersome were asked to answer several case questions, after which they were provided with the correct answers and key images, as well as annotations of important findings. A timer measuring the review time for each case was displayed to prompt the trainee to review the case as rapidly as possible, thereby simulating a busy practice environment.
RESULTS
In this section, we describe a pilot test of the developed system.
Preparation of Case Data
In the pilot test, we decided to use cases of low-dose abdomen CT for the diagnosis of acute appendicitis. This application was considered suitable for demonstrating the advantages of the developed system. Appendicitis is a very common medical emergency and the preoperative CT reports are often made by nonexpert radiologists (19, 20) , but the reports play a critical role in patient disposition (21) . An educational program that systematically familiarizes radiologists with the noisy low-dose CT images would facilitate the dissemination of the low-dose CT technique, which is promising (22, 23) , although not yet widely accepted as standard practice (24, 25) . While the image viewing system comprised many advanced visualization techniques, we selected mul-tiplanar (26) sliding-slab average intensity projection (27, 28) in the pilot test, as the technique is known to help the diagnosis of appendicitis (29) (30) (31) .
We randomly selected 30 low-dose (estimated effective dose of 2 mSv) CT cases, including 14 with confirmed appendicitis and 16 without appendicitis, from the database of a previous study (22) . with grade 3 or higher as a positive response. The trainee was asked to reassess his or her failed cases until the revised accuracy exceeded 95% (Fig. 2, Movie 1 in the online-only Data Supplement). The detailed task flow during a case review cycle in the pilot system was provided in Fig. 3 .
Deployment of the Pilot System
The 
DISCUSSION
We developed an online radiology case review system that facilitates the interactive navigation of volumetric image datasets.
The system was designed to meet the following 6 requirements:
volumetric navigation, accessibility, scalability, undemanding management of case data, encouragement of participation by trainees, and simulation of a current busy practice environment.
The system was deployed successfully in a hands-on workshop course as a pilot test.
We designed the system with the following features to simulate traditional workplace apprenticeship. First, the trainees were asked to integrate the image findings and clinical findings such as a brief clinical history. Second, in order to help the trainees to experience a wide spectrum of a disease, the case pool could include positive and negative cases (33) , and typical and atypical cases. Third, the system had several features to provide feedback that focused on the weaknesses of individual trainees, including an annotated image dataset for the second image review, reporting the diagnostic accuracy of trainees and their average review time per case, and encouraging the trainees to reassess failed cases. Further investigation to individualize the case based on each trainee's performance may lead to more efficient education.
The application of our system is not confined to a specific disease or visualization technique. It could be expanded to many other diseases and advanced visualization techniques. Potential CT angiography. Furthermore, the application of our system is not limited to educational purposes. The system can also be used to accredit radiologists involved in a multicenter clinical trial to ensure participant safety. Our study had limitations. First, we did not comparatively analyze the educational advantages of our online In conclusion, we developed an online radiology case review system that allows the interactive navigation of volumetric image datasets using advanced visualization techniques.
